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DOL VRPHGNURQRORJLMDPL ãLULQEUDQLNNDNRU MLK L]UDþXQDWD$567$1 LQGSO5 VWDWLVWLþQR]QDþLOQH UD]OLNH LQDOL VR VWDQGDUGL]LUDQH
NURQRORJLMH QDUHMHQH V NQMLåQLFR GSO5 HQDNR XSRUDEQH ]D SUHXþHYDQMH HNRORãNLK LQ NOLPDWRORãNLK YSUDãDQM NRW VR NURQRORJLMH
QDUHMHQHVSURJUDPRP$567$1$567$1]DL]UDþXQNURQRORJLMHSRQXGLXSRUDEQLNXOLVWRXND]RYPHGWHPNRGSO5]DKWHYDSLVQH
XND]H LQQHSRQXMD L]ELUH3ULSULPHUMDYL UH]XOWDWRYVPRXJRWRYLOLGD UD]OLNHPHG L]UDþXQLSULPHUMDQLKSURJUDPRYQLVRVWDWLVWLþQR
]QDþLOQHSURJUDPDSULRVQRYQLKVWDWLVWLþQLKSDUDPHWULKSRQXGLWDHQDNHUH]XOWDWH]DSRYSUHþQHãLULQHEUDQLNLQVWDQGDUGQHRGNORQHWHU
]UD]OLNRQDGUXJHPGHFLPDOQHPPHVWX]DUH]XOWDWHREþXWOMLYRVWLLQDYWRNRUHODFLMVNHJDNRH¿FLHQWD .RUHODFLMD PHG VWDQGDUGL]LUDQLPD








5%RWKDUH IUHH$567$1LVVSHFL¿F DQG SURGXFHV FKURQRORJLHV IURP WUHHULQJ ZLGWK E\ VWDQGDUGL]DWLRQ ZKLOH GSO5 LV D SDFNDJH
ZLWKLQ WKHVWDWLVWLFDOSURJUDPPLQJHQYLURQPHQW5ZKLFK LVDEOH WRDQDO\]HDQGSUHVHQWUHVXOWVRIRWKHUDQDO\VLV)RUFRPSDULVRQ
RIFKURQRORJLHVPDGHLQWKHVHWZRSURJUDPVZHXVHGGLIIHUHQWWHVWV$567$1SURYLGHVPDQ\RSWLRQVIRUFDOFXODWLQJFKURQRORJLHV
ZKHUHDVGSO5GHPDQGVZULWWHQRUGHUVDQGRIIHUVQRFKRLFHV'LIIHUHQFHVEHWZHHQEXLOWFKURQRORJLHVIURPWKHVHWZRSURJUDPVDUHQRW
VWDWLVWLFDOO\VLJQL¿FDQW ± SURJUDPV SURGXFH VDPH UHVXOWV FRPSDULQJ EDVLF VWDWLVWLFDO DQDO\VLV IRU DYHUDJH WUHHULQJ ZLGWKV DQG VWDQGDUG










'UHYHVD UDVWHMR Y QDUDYQHP RNROMX ]DWR QD
QMLKRYR UDVW YSOLYDMR ãWHYLOQL GHMDYQLNL NRW VR VWDURVW
NOLPD NRQNXUHQFD PHG GUHYHVL WOD LWG 1DYDGQR QDV
QH ]DQLPDMR YSOLYL YVHK GHMDYQLNRY KNUDWL ]DWR VR WLVWL
GHMDYQLNL NL MLK QH SUHXþXMHPRPRWHþL LQ MLK Y SURFHVX
UD]LVNDY VNXãDPR RGVWUDQLWL 7R VWRULPR V SRVWRSNRP
NL VH Y GHQGURNURQRORJLML LPHQXMH VWDQGDUGL]DFLMD DQJ
VWDQGDUGL]DWLRQ 6WDQGDUGL]DFLMD Y GHQGURNURQRORJLML
WHPHOML QD ]GUXåHQHP OLQHDUQHP PRGHOX UDVWL NL JD MH
SRVWDYLO&RRN&22..$,5,8.67,6LQVHJODVL
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
5W $W&Wį'Wį'W(W
SUL WHP MH 5W RSD]RYDQD þDVRYQD YUVWD ]DSRUHGMH ãLULQ
EUDQLN$W WUHQGYþDVRYQLYUVWLNL MHRGYLVHQRG VWDURVWL
GUHYHVD&WVR]GUXåHQLNOLPDWVNLYSOLYLQDãLULQREUDQLNH
įELQDUQLVLPERONMHUYUHGQRVWSRPHQLPRWQMRSDGD
PRWQMH NL MRSRY]URþDMR ORNDOQLRNROMVNLGHMDYQLNL 'W
LQãLUãDRNROLFDGUHYHVD'WQLPHGWHPNR(WSRQD]DUMD
QHSRMDVQMHQLGHOYDULDELOQRVWLãLULQHEUDQLNH
6WDQGDUGL]DFLMD MH UDþXQVNR ]DKWHYHQ SRVWRSHN




SURJUDPVNH NQMLåQLFH NL WHþHMR Y SURJUDPLK 5 %811
LQ0DWODELQRSUDYOMDMRSRGREQHIXQNFLMHNRWSURJUDP
$567$1OHGDWHþHMRYEROMPRGHUQHPSURJUDPVNHPRNROMX
QSU 06:LQGRZV 3RVWRSHN VWDQGDUGL]DFLMH ]DSRUHGLM
ãLULQ EUDQLN MH PDWHPDWLþQR JOHGDQR DQDOL]D þDVRYQLK
YUVW9QDãHPSULPHUXJUH ]D SRVWRSHN LVNDQMD SULPHUQH
UHJUHVLMVNHIXQNFLMHLQL]UDþXQDRVWDQNRYDQJUHVLGXDOV
R]LURPD UD]PHULM PHG SULODJRMHQLPL SULþDNRYDQLPL




UDVWLãþ =D VWDQGDUGL]DFLMR Y JODYQHP XSRUDEOMDPR GYD
WLSDUHJUHVLMVNLKIXQNFLM±WRJHLQJLENH7RJHUHJUHVLMVNH
IXQNFLMH NRW QSU OLQHDUQD LQ PRGL¿FLUDQD QHJDWLYQD
HNVSRQHQWQDVHQDYDGQRGRNDMVODERSULODJDMDMRPHUMHQLP
SRGDWNRP YHQGDU VR Y SULPHUX NR MH WUHQG GHEHOLQVNH
UDVWL HQDNRPHUQR QDUDãþDMRþ DOL SDGDMRþ SULPHUQH ]D
VWDQGDUGL]DFLMRãLULQEUDQLNVOLNDD
*LENH UHJUHVLMVNH IXQNFLMH NRW QSU NXELþQL ]OHSNL DOL
GUVHþH VUHGLQH VOLND E VR ELVWYHQR EROM ÀHNVLELOQH LQ









XSRUDEHQ SURJUDP ]D VWDQGDUGL]DFLMR GHQGURNURQRORãNLK
SRGDWNRYLPHQRYDQ$567$17DãHGDQHVYHOMD]DGHIDFWR
VWDQGDUG LQ YVL SURJUDPL DOL NQMLåQLFH ]D VWDQGDUGL]DFLMR





Y $567$18 LQ GSO5 V SRXGDUNRP QD L]YHGEL
VWDQGDUGL]DFLMHYGSO5
 3ULPHUMDWL UH]XOWDWH VWDQGDUGL]DFLMH ]DSRUHGLM ãLULQ
EUDQLN Y SURJUDPVNLK RNROMLK $567$1 LQ GSO5
WDNR ] YL]XDOQLPL NRW VWDWLVWLþQLPL PHWRGDPL LQ
RYUHGQRWLWLPRUHELWQHUD]OLNHNLVRSRVOHGLFDUD]OLN
Y DOJRULWPLK ]D L]UDþXQDYDQMH VWDQGDUGL]LUDQLK
NURQRORJLM
 .RUHODFLMVND DQDOL]D XJRWRYLWL DOL SULKDMD GR
VWDWLVWLþQR ]QDþLOQLK UD]OLN SUL L]UDþXQX NRUHODFLMH
NURQRORJLMVNOLPR
 3RXGDULWL XSRUDEQRVW  SURJUDPD 5 Y GHQGURNUR
QRORãNLKDQDOL]DK
6OLND0HUMHQHLQSULODJRMHQHãLULQHEUDQLND]PRGL¿FLUDQR QHJDWLYQR HNVSRQHQWQR IXQNFLMR LQ E V NXELþQLP]OHSNRP










































=D SULPHUMDYR SURJUDPRY $567$1 LQ GSO5 VPR





Y SUHJOHGQLFL  3RGDWNRYQD GDWRWHND MH ELOD ]DSLVDQD Y






NROLþLQDK SDGDYLQ ]D0XUVNR 6RERWR ]D REGREMH RG OHWD
GR3RGDWNHVPRGRELOLQD$JHQFLML5HSXEOLNH
6ORYHQLMH ]D RNROMH $562  8SRUDELOL VPR MLK Y
DQDOL]L NMHU VPR SULPHUMDOL NRUHODFLMH PHG NOLPDWVNLPL




5D]OLNH PHG UH]XOWDWL L]GHODQLK NURQRORJLM LQ
NRUHODFLMH PHG REHPD NURQRORJLMDPD LQ NOLPDWVNLPL
SRGDWNL VPR RYUHGQRWLOL V SDUQLP WWHVWRP 3DUQL WWHVW
MH SUHVNXãDQMH UD]OLN PHG SDUDPHWUL GYHK Y]RUFHY JUH






UD]YLW V VWUDQL (GZDUGD 5 &RRND KWWSZZZOGHR
FROXPELDHGXUHVIDFWUOSXEOLFSXEOLF6RIWZDUHKWPO
3URJUDP VWDQGDUGL]LUD ]DSRUHGMD ãLULQ EUDQLN NL VR Y
SULQFLSXþDVRYQHYUVWH L]UDþXQDNURQRORJLMH MLKJUD¿þQR
SULNDåH WHU L]SLãH ãLURNR SDOHWR VWDWLVWLþQLK ND]DOQLNRY
YKRGQLK SRGDWNRY 3URJUDP MH UD]PHURPD ]DVWDUHO
VDM åHOHQH SDUDPHWUH REGHODYH GRORþDPR V SRPRþMR
ãWHYLOVNLKXND]RYQSU WLS VWDQGDUGL]DFLMH L]EHUHPR WDNR
GD YWLSNDPR ãWHYLONR  QDWR SD L]EHUHPR IXQNFLMR JOHM




2GORþLWHY ]D HQR DOL GYRVWRSHQMVNR VWDQGDUGL]DFLMR
WHPHOML QD HNVSHUWQL RFHQL LQ SUHGKRGQL YL]XDOQL DQDOL]L
þDVRYQLK YUVW Y HQHP RG GHQGURNURQRORãNLK SURJUDPRY
QSU 3$67 3R NRQþDQHP SRVWRSNX VWDQGDUGL]DFLMH
GRELPR NRW UH]XOWDW GDWRWHNR NL YVHEXMH  WLSH
NURQRORJLM ãLULQ EUDQLN JOHM VOLNR  /(9$1,ý 
 2VQRYQD NURQRORJLMD 5$: MH HQRVWDYQR
SRYSUHþMH QHVWDQGDUGL]LUDQLK ]DSRUHGLM ãLULQ EUDQLN LQ
YVHEXMHYVHRG]LYHUDVWLGUHYHVDQDRNROMVNHGHMDYQLNH
 6WDQGDUGL]LUDQDNURQRORJLMD67'MHDULWPHWLþQD















ϭ ŵƐϭͲϬϭ ϭϵϰϱ ϮϬϬϵ ϲϱ ϯ͕ϭϱ
Ϯ ŵƐϭͲϬϮ ϭϵϯϴ ϮϬϬϵ ϳϮ ϰ͕Ϭϳ
ϯ ŵƐϭͲϬϯ ϭϵϯϲ ϮϬϬϵ ϳϰ ϰ͕ϳϴ
ϰ ŵƐϭͲϬϰ ϭϵϯϱ ϮϬϬϵ ϳϱ Ϯ͕ϵϱ
ϱ ŵƐϭͲϬϱ ϭϵϰϯ ϮϬϬϵ ϲϳ ϯ͕ϵϮ
ϲ ŵƐϭͲϬϲ ϭϵϰϭ ϮϬϬϵ ϲϵ ϯ͕ϲϴ
ϳ ŵƐϭͲϬϳ ϭϵϯϱ ϮϬϬϵ ϳϱ ϰ͕ϵϯ
ϴ ŵƐϭͲϬϵ ϭϵϯϳ ϮϬϬϴ ϳϮ ϯ͕ϴϵ
ϵ ŵƐϭͲϭϬ ϭϵϯϳ ϮϬϬϴ ϳϮ ϰ͕ϱϱ
ϭϬ ŵƐϭͲϬϴ ϭϵϯϯ ϮϬϬϴ ϳϲ ϯ͕ϱϱ
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
YUHGQRVWLVRL]UDþXQDQHNRWUD]PHUMHPHGL]PHUMHQRãLULQR
EUDQLN LQ SULODJRMHQR YUHGQRVWMR UHJUHVLMVNR IXQNFLMR
3RYSUHþMHYUHGQRVWLNROLþQLNRY]DYVHNURQRORJLMHGUHYHV
MH L]UDþXQDQR NRW QDYDGQD DULWPHWLþQD VUHGLQD DOL SD NRW
UREXVWQDWHKWDQDDULWPHWLþQDVUHGLQDNLGUXJDþHXSRãWHYD
YUHGQRVWL NL VH RG SRYSUHþMD SUHYHþ UD]OLNXMHMR DQJ
RXWOLHUV
 .URQRORJLMD RVWDQNRY 5(6 DQJ UHVLGXDO
FKURQRORJ\ MHUREXVWQRYVDNDYUHGQRVW LPDHQDNRWHåR




 ýHWUWR NURQRORJLMR WLSD$56 GRELPR WDNR GD ]
XSRUDERDYWRUHJUHVLMVNHJDPRGHOLUDQMDYNURQRORJLMR5(6




9$567$1X VH UH]XOWDWL PHG SURFHVRP L]GHODYH
NURQRORJLM SULND]XMHMR JUD¿þQR ]D YVDNR GUHYR SRVHEHM
7DNR ODKNR ]D YVDNR GUHYR YL]XDOQR SUHYHULPR NDNR VH
UHJUHVLMVNDNULYXOMDSULODJDMDSRGDWNRP3URFHV ODKNRSUL




SRGDWNH ]D QDGDOMQMH DQDOL]H9VH GDWRWHNH VH ]DSLãHMR Y




ãWHYLOR GDWRWHN Y NDWHULK VR UH]XOWDWL VWDQGDUGL]DFLMH
7DNR QSU GDWRWHND V NRQþQLFR BWDEV YVHEXMH YVH  WLSH
NURQRORJLMHVNRQþQLFRBUDZSRQD]DUMDPHUMHQD]DSRUHGMD
ãLULQEUDQLN]DL]GHODYRNURQRORJLMBRXWSDSULNDåHL]EUDQH
VSHFL¿NDFLMH L]GHODQH NURQRORJLMH V VWDWLVWLþQLPL ND]DOQLNL
]D RVQRYQH SRGDWNH WHU NURQRORJLMR RVWDQNRY 'DWRWHND
V NRQþQLFR BLQG YVHEXMH YUHGQRVWL VWDQGDUGL]LUDQLK
NURQRORJLMSRVDPH]QLKGUHYHVBUHVYUHGQRVWLNURQRORJLMH
RVWDQNRY BFUY SD SRVWUHåH ] L]UDþXQDQLPL YUHGQRVWPL
NULYXOMHNL VPR MR L]EUDOL ]D VWDQGDUGL]DFLMRSRVDPH]QLK










VWDQGDUGL]DFLMH 3RG ãW  L]EHUHPR QDþLQ L]UDþXQD
SRYSUHþLM VWDQGDUGL]LUDQLK YUHGQRVWL NURQRORJLMH 3UL ãW





L]UDþXQDYDQMHP DULWPHWLþQH VUHGLQH L]GHODQLK NURQRORJLM
=D L]UDþXQ GUVHþHJD SRSXODFLMVNHJD VLJQDOD (36 VPR
L]EUDOL ãLULQR REGREMD  OHW V SRPLNRP SR  OHWR 1D
















































5 ZZZUSURMHFWRUJ MH EUH]SODþQR SURJUDPVNR
RNROMH ]D VWDWLVWLþQH DQDOL]H SRGDWNRY QMLKRYR
JUD¿þQR SULND]RYDQMH WHU SODWIRUPD ]D UD]YRM LQ
LPSOHPHQWDFLMR QRYLK PDWHPDWLþQRVWDWLVWLþQLK UHãLWHY
5 '(9(/230(17 &25( 7($0  1MHJRYD
SUHGQRVW MH ÀHNVLELOQRVW NL VH NDåH  Y YHOLNHP ãWHYLOX
SDNHWRYVWDWLVWLþQHDQDOL]HUDþXQVNHRSHUDFLMHLQJUD¿þQL
SULND]LNLMLKNRWNQMLåQLFRDQJOLEUDU\YNOMXþLPRY5
LQ UDELMR UD]OLþQLP PDWHPDWLþQRVWDWLVWLþQLP RSHUDFLMDP
Y53URJUDPMHQHRGYLVHQRGRSHUDFLMVNHJDVLVWHPD]DWR
GHOXMHQDYVHKPRGHUQLKRSHUDFLMVNLKVLVWHPLK0LFURVRIW
:LQGRZV 0DF 26 /LQX[ 3UHGQRVW MH WXGL UD]YLWD
NRPXQLNDFLMD PHG GUXJLPL XSRUDEQLNL WHJD SURJUDPD
VSOHWQD REMDYD LQ UHãHYDQMH WHåDY 6ODERVW 5 MH GD MH
REVHåHQLQNRPSOHNVHQSURJUDPWHU]DWRWHåDYHQ]DXþHQMH
PDQMND SDPX WXGLPHQLMVND VWUXNWXUD L]ELUH XND]RY QL
RNHQVNHJDJUD¿þQHJD YPHVQLND ]DWR PRUDPR YVDN XND]
SUHGL]YHGERYWLSNDWL7DSUREOHPUHãLPRVSURJUDPVNLP
XUHMHYDOQLNRP 7LQQ5 7R MH EUH]SODþHQ SUHSURVW LQ
XþLQNRYLW SURJUDP Y NDWHUHP ]DSLVDQH XND]H SUHSURVWR
VKUDQLPRNRSLUDPRDOLSRVUHGXMHPRGUXJLPXSRUDEQLNRP
NDU]DJRWDYOMDSRQRYOMLYRVWDQDOL]H7LQQ5VSRãLOMDQMHP
XND]RY SUHN YUVWLF QDG]RUXMH 5 3URJUDP 5 LQ QMHJRYH
NQMLåQLFHSRVRGDEOMDPRSUHNLQWHUQHWD.QMLåQLFDMH]ELUND
]DSLVRY XND]RY NL RPRJRþDMR RSUDYOMDQMH RSHUDFLM (QD
L]PHG NQMLåQLF MH GSO5 DQJGHQGURFKURQRORJ\ SURJUDP
OLEUDU\ LQ 5 QDPHQMHQ VWDQGDUGL]DFLML þDVRYQLK YUVW Y
GHQGURNURQRORJLML .QMLåQLFR GSO5 XSRUDELPR WDNUDW
NDGDU åHOLPR VWDQGDUGL]LUDWL ]DSRUHGMD ãLULQ EUDQLN
D  QH åHOLPR XSRUDELWL $567$1D 7DNR NRW$567$1
QDP WXGL GSO5 RPRJRþD SULODJRGLWHY UHJUHVLMVNH







7XVFRQ VWDQGDUGL]DFLMD WHU L]GHODYD NURQRORJLMH ]D
FHORWHQ]DSLVJOHM VOLNR3RVWRSHN VWDQGDUGL]DFLMH VPR
RSUDYLOL HQDNR NRW Y$567$1X =DSRUHGMH ãLULQ EUDQLN
VPR VWDQGDUGL]LUDOL V NXELþQLPL ]OHSNL V   GROåLQH
NURQRORJLMH V RGVWRWQLP RKUDQMDQMHP YDULDELOQRVWL













ED]H SRGDWNRY 9 SULPHUX MH SULY]HWR GD VR QDãL
SRGDWNL QD ORNDOQHP GLVNX & LQ GD VH GDWRWHND
LPHQXMHPVUZO)XQNFLMDUHDGUZODQJUZO ULQJ
ZLGWK OLVW RPRJRþD EUDQMH VWDQGDUGQH WHNVWRYQH
GDWRWHNHWLSD7XVFRQ
VWGUHDGUZOµF5SRGDWNLPVUZO¶





 )XQNFLMD GHWUHQG RPRJRþD SULND] WUHK UD]OLþQLK
SULODJRGLWHY QHJDWLYQD HNVSRQHQWQD NXELþQL
]OHSNL LQ OLQHDUQD IXQNFLMD ]D YVDN SRVDPH]HQ
SULPHU QSU YVDNR GUHYR YHQGDU Y VNXSQHP




 = XND]RP FKURQ SRYSUHþLPR VWDQGDUGL]LUDQH
NURQRORJLMH GUHYHV VWGL Y VNXSQR NURQRORJLMR
VWGF 8ND] FKURQ ]D L]UDþXQ VUHGQMH YUHGQRVWL
NURQRORJLMXSRUDEOMD7XNH\HYRUREXVWQRDULWPHWLþQR













=D L]GHODQR NURQRORJLMR ODKNR L]UDþXQDPR ãH QDVOHGQMD
ND]DOFD























7X SULPHUMDPR RVQRYQR RSLVQR VWDWLVWLNR NL MR
L]UDþXQDWD SURJUDPD ]D LVWL QDERU SRGDWNRY LQ ]D YVDNR
GUHYR SRVHEHM 5H]XOWDWL VR HQDNL SUL ]DRNURåHYDQMX
YUHGQRVWL QD WUL GHFLPDOQDPHVWDSUL L]UDþXQLKSRYSUHþMD
LQ VWDQGDUGQHJD RGNORQD UD]OLNH SD REVWDMDMR QD WUHWMHP





7X PHG VDER SULPHUMDPR NRQþQH NURQRORJLMH
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$UVWDQ GSO5 $UVWDQ GSO5 $UVWDQ GSO5 $UVWDQ GSO5
67'          
5(6          
3UHJOHGQLFD3ULPHUMDYDVWDWLVWLþQLKSDUDPHWURYNURQRORJLML]GHODQLKY$567$1XLQGSO5
7DEOH&RPSDULVRQEHWZHHQVWDWLVWLFDOUHVXOWVRIFKURQRORJLHVGHYHORSHGLQ$567$1DQGGSO5
*UD¿þQD SULPHUMDYD VWDQGDUGL]LUDQLK 67' NURQRORJLM
L]UDþXQDQLK Y GSO5 LQ $567$1X MH SRND]DOD PDQMãH
UD]OLNH OHQDQHNDWHULKPHVWLK2PHQMHQH UD]OLNH VPRQD
VOLNL R]QDþLOL V NURåQLFR VOLND  2E SULPHUMDYL UD]OLN
QD ]DþHWNX NURQRORJLMH LPD $567$1 PDQMãH RGNORQH
PHUMHQLKYUHGQRVWLRGUHJUHVLMVNHIXQNFLMHNRWVRRGNORQL
SUL SURJUDPX GSO5 9 YPHVQHP REGREMX NURQRORJLML
L]ND]XMHWDSRGREQRVW




























9 SUHMãQMLK SRJODYMLK VPR SUHYHUMDOL DOL REVWDMDMR
PHGL]UDþXQLNURQRORJLMHY$567$1XLQGSO5NDNUãQHNROL
UD]OLNH7X VPR åHOHOL GRGDWQR SUHYHULWL DOL NURQRORJLMH
QDUHMHQHY$567$1XLQGSO5GDMRGUXJDþQHVWDWLVWLþQR
]QDþLOQR UD]OLþQH NRUHODFLMH V NOLPDWVNLPL SRGDWNL JOHM
L]VHNL]SRGDWNRYQHGDWRWHNHSRGWRþNR9WHPNRQWHNVWX
QLWL QL SRPHPEQR NDNãQH VR SRVDPH]QH NRUHODFLMHPHG





















.RUHODFLMR VPR UDþXQDOLPHGSRGDWNL ]DSRYSUHþQH
PHVHþQH WHPSHUDWXUH LQ PHVHþQR NROLþLQR SDGDYLQ V
VWDQGDUGL]LUDQLPD NURQRORJLMDPD 8SRãWHYDOL VPR OH
REGREMHWLVWLKOHW]DNDWHURLPDPRQDYROMRPHWHRURORãNH
SRGDWNH 3UL SULPHUMDYL UH]XOWDWRY NRUHODFLMH ãLULQ EUDQLN
JOHGHQDSDGDYLQHVOLNDDSRGDMD$567$1YLãMHSR]LWLYQH
YUHGQRVWL NRW GSO5 YPHVHFLK MDQXDU DSULO PDM LQ MXOLM
QLåMHRNWREUDLQQRYHPEUDHQDNHSDYSUHRVWDOLKPHVHFLK
*OHGH QD WHPSHUDWXUR VOLND E L]ND]XMH $567$1RY
L]UDþXQEROMSR]LWLYQRRGYLVQRVWR]LURPDPDQMQHJDWLYQR
NRW GSO5 Y PHVHFLK MDQXDU DSULO PDM LQ QRYHPEHU




SD  V WHPSHUDWXUR LQ  V SDGDYLQDPL3RYSUHþMH






6 SDUQLP WWHVWRP VPR SUHYHULOL YVH UD]OLNH PHG
UH]XOWDWL NURQRORJLM LQ NRUHODFLM WHU SRWUGLOL GD QREHQD
UD]OLNDPHGSURJUDPRPDQLVWDWLVWLþQR]QDþLOQD7RSRWUMXMH
SUDYLOQRVW L]UDþXQRY SURJUDPD GSO5 Y SULPHUMDYL ] EROM
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5D]SUDYD
'LVFXVVLRQ
9 þODQNX VPR SULPHUMDOL HQDNRVW L]UDþXQRY GYHK
SURJUDPRY $567$1D LQ GSO5 ]D VWDQGDUGL]DFLMR
þDVRYQLKYUVWYGHQGURNURQRORJLML9REHKSURJUDPLKVPR
NURQRORJLMH L]UDþXQDOL QD SRGREHQ QDþLQ GD EL RKUDQLOL
SULPHUOMLYRVW ] XSRUDERNXELþQLK ]OHSNRY V WRJRVWMR 
 GROåLQH SRVDPH]QHJD VWDQGDUGL]LUDQHJD ]DSRUHGMD
ãLULQ EUDQLN ,]UDþXQDQL NURQRORJLML VH PHG VDER ]HOR
PDORUD]OLNXMHWDWRGRND]XMHMRYLVRNHNRUHODFLMHLQGREUR
YL]XDOQR XMHPDQMH PHG NURQRORJLMDPD WHU QH]QDþLOQH
YUHGQRVWL WWHVWD$567$1 MH ]D ]DþHWQLND ODåML NHU åH
YVHEXMHSUHGODJDQHRSHUDFLMHLQPRåQRVWLL]GHODYHSRURþLOD
YHQGDUPRUDELWLXSRUDEQLNåHVH]QDQMHQ]QDþLQRPGHOD
LQ UD]ODJR GREOMHQLK UH]XOWDWRY 3UL GSO5 NL MH NQMLåQLFD
SURJUDPD 5 SD PRUDPR QD ]DþHWNX YVH XND]H ]DSLVDWL




NURQRORJLMH ]DPHQMDPR WLS NULYXOMH QH PRUHPR SD VH
YUDþDWL Y SUHWHNOD GHMDQMD WHPYHþPRUDPR ]DþHWL SURFHV
L]SHOMDWL GR NRQFD DOL SD JD Y FHORWL SUHNLQLWL 3UL GSO5
QL RYLUH þH åHOLPR SRSUDYLWL XND] Y SUHWHNOHP GHMDQMX
VDM VH SURVWR RGORþDPRR L]YDMDQMX RSHUDFLM KNUDWL SD VL
RJOHGXMHPR UH]XOWDWH WDEHOH JUDIH ,]GHODYD HQRVWDYQLK
JUDIRYMHY5MXSUHSURVWD]YLãDQMHP]DKWHYQRVWLJUDIRY
SD VH YHþD WXGL ]DKWHYQRVW L]YHGEH 5D]OLNH Y JUD¿K
SULPHUMDQLK NURQRORJLM 67' LQ 5(6 ODKNR SULSLãHPR
UDþXQDQMX YUHGQRVWL QD ]DþHWNX LQ QD NRQFX REGRELM
]DUDGLGUXJDþQHJDXSRãWHYDQMDNRQFDNURQRORJLM5D]OLNH
VH QDPUHþ SRMDYOMDMR SUDY Y RNROLFL ]DþHWND GROåLQH
NURQRORJLMH WHU QD NRQFX 5H]XOWDWL WWHVWRY VR SUL YVHK
L]UDþXQDQLKNURQRORJLMDK LQNRH¿FLHQWLK SRWUGLOL YL]XDOQR
SRGREQRVW JUDIRY L]GHODQLK NURQRORJLM Y NQMLåQLFL GSO5
WHU Y SURJUDPX$567$1 ]DWR ODKNR WUGLPR GD L]GHOD
GSO5 HQDNR NDNRYRVWQH LQ QDWDQþQH UH]XOWDWH NRW åH
XYHOMDYOMHQL$567$1.HUVHSURJUDPDUD]OLNXMHWD OHSR
QDþLQXRSUHGHOLWYHSDUDPHWURYR]LURPD]DSLVX]DL]GHODYR
NURQRORJLMH LQ SUHGVWDYLWYL UH]XOWDWRY QDM VH R GRNRQþQL
L]ELULSURJUDPDRGORþLYVDNXSRUDEQLNVDP
6XPPDU\
$ WUHH¶V UHVSRQVH WR FOLPDWH DQG RWKHU IDFWRUV DW
UDGLDO JURZWK FDQ EH VWXGLHG E\ PHDVXULQJ WUHHULQJ
ZLGWKV 75: 75: GHSHQGV RQ YDULRXV IDFWRUV DQG
KROGV LQIRUPDWLRQ RQ JURZWK IRUPDQ\ \HDUV LQ WKH SDVW
&22.&KURQRORJLHVPDGHRXWRI UDZGDWDDUH
LQÀXHQFHG E\ DJH WUHQG DQG RWKHU GLVWXUELQJ IDFWRUV ,Q
RUGHUWRUHPRYHWKHVHIDFWRUVZHVWDQGDUGL]HFKURQRORJLHV
3URFHVVRIVWDQGDUGL]DWLRQFRQVLVWVRI¿QGLQJ D UHJUHVVLRQ



























































































$567$1 LV D IUHH SURJUDP GHYHORSHG E\ &RRN
DQG +ROPHV KWWSZZZOGHRFROXPELDHGXUHVIDFWUO
SXEOLFSXEOLF6RIWZDUHKWPO ,W SURGXFHV FKURQRORJLHV
IURP WUHHULQJZLGWKV VHULHV E\ GHWUHQGLQJ DQG LQGH[LQJ
VWDQGDUGL]LQJWKHVHULHVWKHQDSSO\LQJDUREXVWHVWLPDWLRQ
RIWKHYDOXHIXQFWLRQWRUHPRYHHIIHFWVRIHQGRJHQRXVVWDQG











XVLQJ WKH UHVLGXDO VHULHV IURP DXWRUHJUHVVLYH PRGHOOLQJ
RI WKH GHWUHQGHGPHDVXUHPHQW VHULHV 5REXVW HVWLPDWLRQ
RIWKHPHDQYDOXHIXQFWLRQSURGXFHVDFKURQRORJ\ZLWKD
VWURQJFRPPRQVLJQDODQGZLWKRXWSHUVLVWHQFH7KHSRROHG
PRGHO RI DXWRUHJUHVVLRQ LV UHLQFRUSRUDWHG LQ WR WKH5(6
YHUVLRQ WR SURGXFH WKH$567$1 FKURQRORJ\$567$1
FUHDWHVVWDWLVWLFDOUHVXOWVRIFKURQRORJLHVHLJHQYDOXHVDQG
SULQFLSDO FRPSRQHQW DQDO\VLV 6WDQGDUGL]DWLRQ DQG KRZ
WKHUHJUHVVLRQ OLQH LV¿WWHG WR PHDVXUHPHQW VHULHV FDQ EH
FRQWUROOHGIRURQHWUHHDWDWLPH:HFDQVWRSFDOFXODWLRQ
FKRRVH RWKHU PHWKRG DQG FRQWLQXH )RU FRPSDULVRQ
EHWZHHQ SURJUDPV ZH KDYH FKRVHQ WKH 67' DQG 5(6
FKURQRORJLHV
5 ZZZUSURMHFWRUJ LV D VWDWLVWLFDO SURJUDPPLQJ
HQYLURQPHQW IRU VWDWLVWLFDO DQDO\VLV DQG JUDSKLFDO
SUHVHQWDWLRQRIUHVXOWV7KHUHDUHIRXUIHDWXUHV WKDWPDNH
5SUHIHUUHG¿UVW 5 DQG LWV DGGRQ SDFNDJHV OLEUDULHV DUH
IUHH6HFRQG5FRPPXQLW\KHOSVZLWKSRVWLQJTXHVWLRQV
DQG DQVZHUV RQ WKH ,QWHUQHW 7KLUG DOO DQDO\VHV LQ 5
DUH HDVLO\ UHSURGXFLEOH DQG IRXUWK 5 RSHUDWHV RQ HYHU\
PRGHUQ FRPSXWHU SODWIRUP %811 /LEUDULHV DUH
DQ HVVHQWLDO SDUW RI WKH SURJUDP FRQWDLQLQJ RUGHUV DQG
HQDEOLQJRSHUDWLRQV2QHRIWKHPLVWKHGHQGURFKURQRORJ\
SURJUDPOLEUDU\LQ5RUVKRUWGSO5XVHGIRUVWDQGDUGL]DWLRQ
PHDVXUHPHQW VHULHV )LJXUH  5 GHPDQGV IURP XVHUV
ZULWWHQ RUGHUV WKDW FDQ HDVLO\ EH UHFDOOHG EXW QRW LI LQ
WKHPHDQZKLOHWKHSURJUDPLVVKXWGRZQ7KLVSUREOHPLV
VROYHGZLWKFRPPDQGV VDYHG LQ7LQQ57KLV LVDQRWKHU
IUHH VLPSOHDQGHI¿FLHQW SURJUDP LQ ZKLFK ZH SURFHVV
FRS\DQGUHSURGXFHDQDO\VHV67'DQG5(6FKURQRORJLHV
DUHPDGHLQGSO5LQPDQ\ZD\V/LNH$567$1LWHQDEOHV
WKH FRPSXWDWLRQ RI UHJUHVVLRQ IXQFWLRQV IRU LQGLYLGXDO
WUHHVRUDOOWRJHWKHUEXWLWDOVRVKRZV¿WWLQJ RI WKH IXQFWLRQ











 *UDSKLFDO FRPSDULVRQ VKRZV OLWWOH DQG VPDOO
GLIIHUHQFHVEHWZHHQFKURQRORJLHV'LIIHUHQFHVDUHFLUFOHG
)LJXUHVDQG:KHQFRPSDULQJWKHVXPRIFRUUHODWLRQ
YDOXHVEHWZHHQ$567$1DQGWHPSHUDWXUH WKHYDOXH LV 
FRPSDULQJWRGSO5ZLWKYDOXH:LWKFRUUHODWLRQ





FRQ¿UPV WKDW FDOFXODWLRQV PDGH ZLWK GSO5 DUH HTXDO WR WKH
RQHVPDGHZLWK$567$1$VERWKRIWKHSURJUDPVKDYH







%$,//,( 0*/  3,/&+(5 -5  $ VLPSOH FURVV
GDWLQJSURJUDPIRUWUHHULQJUHVHDUFK7UHH5LQJ%XOOHWLQ
V













            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
'RUGUHFKWV
&22. (5  .$,5,8.767,6 /$  0HWKRGV RI
GHQGURFKURQRORJ\ DSSOLFDWLRQV LQ WKH HQYLURQPHQW
VFLHQFHV 'RUGUHFKW %RVWRQ /RQGRQ .OXZHU DFDGHPLF
SXEOLVKHUVV
(.67(,1'%$8&+-%HLWUDJ]XU5DWLRQDOLVLHUXQJ
HLQHV GHQGURFKURQRORJLVFKHQ 9HUIDKUHQV XQG ]XU








.2â0(/- .  8SRUDEQD VWDWLVWLND /MXEOMDQD
%LRWHKQLãNDIDNXOWHWDRGGHOHN]DDJURQRPLMRV
/(9$1,ý 7  'HQGURNURQRORãND LQ GHQGURHNRORãND
DQDOL]DSURSDGDMRþLKYODGDMRþLKLQVRYODGDMRþLKMHON$ELHV
DOED 0LOO Y GLQDUVNL ¿WRJHRJUDIVNL UHJLML 'RNWRUVND
GLVHUWDFLMDVDPR]DOV






HQYLURQPHQW IRU VWDWLVWLFDO FRPSXWLQJ 5 )RXQGDWLRQ IRU
6WDWLVWLFDO &RPSXWLQJ 9LHQQD $XVWULD KWWSZZZ5
SURMHFWRUJ
